We study the inclusive semileptonic rare decay b → sl + l − in minimal supergravity model (mSUGRA). If tanβ is large, down-type quark mass matrices and their Yukawa couplings cannot be diagonalized at the same basis. This induces the flavor violating neutral Higgs boson couplings. These couplings contribute significantly to decay b → sµ + µ − and b → sτ + τ − , but negligible to b → se + e − decay because of its negligible m e mass. The ratio R ≡ B(b → sµ + µ − )/B(b → se + e − ) can be very different from its corresponding value in the Standard Model. We find that part of parameter space can accommodate a large R value, and that maximum R value can be larger than 2. We also present our results in b → sτ + τ − decay channel. Although it can be not detected now, it is potentially a new channel for the future observation of new physics.
Introduction
Rare semileptonic B decays provide an extremely helpful tool to search new physics beyond the Standard Model (SM). New physics contributions, which enter through one loop radiative corrections, may be observed whenever the SM contributions absent or similarly suppressed. Thus, the measurement of B → X s l + l − has a very good chance to reveal new physics beyond Standard Model.
SM predicts the b → se + e − and b → sµ + µ − branching ratio to be [1, 2] :
(1)
(2)
So that the ratio of branching fractions, R SM , is:
SM predicts R SM ∼ 1 unless it is significantly altered by new physics. Thus the measurement of R provides a signal for specific classes of new physics. Supersymmetry (SUSY) is a promising candidate for new physics beyond Standard Model [3] . In SM, the decay b → sl + l − occurs through electroweak penguins and box diagrams. There are many papers exploring the photon penguin, Z penguin, gluino penguin and box diagram contributions in SUSY [4, 5, 6] . In this paper, we consider the penguin contributions to b → sl + l − mediated by neutral Higgs bosons. At the one-loop level, couplings of the "up-type" Higgs field H u to down-type quarks are induced [7, 8, 9] . This coupling gives a new contribution to the down type fermion mass matrix, and induces flavor violating couplings of neutral Higgs bosons. This induced flavor violation increases with tanβ. If the tanβ is sufficiently large, this flavor violating coupling has significant contributions to the branching fraction of decay B s → µ + µ − [10, 11, 12, 13, 14, 15, 16, 17, 18, 19] and b → sl + l − [1, 5, 6, 20, 21, 22] . In this paper, we would like to emphasize the contributions mediated by neutral Higgs exchange. As we shall see, the ratio R is particularly sensitive to new physics which contributes through this kind of mechanism, because contributions which couple to e and µ equally contribute to both the numerator and denominator of Eq.4, therefore giving little contributions to R.
Higgs mediated SUSY contributions to the amplitude increase with lepton mass m l . Therefore such contributions to b → se + e − are negligible while, given a sufficient large tanβ, the 2 contribution to b → sµ + µ − may be comparable to the SM and so observable deviations of R from R SM are possible. We will explore these effects as a function of SUSY parameter space which, in some places, are even larger than the SM contributions. In such cases, the ratio R ≡
alters substantially providing a possible way to detect new physics beyond SM.
The main object of this paper is to examine the prospects for observing a deviation in R within the framework of minimal supergravity (mSUGRA) [23] . In Sec. 2, we review the effective Hamiltonian for quark transition b → sl + l − . A detailed formula to calculate the branching fraction of b → sl + l − is presented. Sec. 3 contains a brief description of the mSUGRA model along with our main results. We analyze the ratio R in mSUGRA frame work and also discuss the large contribution of such effects to the decay b → sτ + τ − . We present our conclusions in the last section.
Effective Hamiltonian
The effective Hamiltonian for b → s is derived by integrating out the heavy degrees of freedom at the electroweak scale or above. This Hamiltonian [24, 13] can be written as:
As in Ref. [9, 13] , the operators we choose are in basis 1 :
α, β being color indexes, a labels the SU (3) 
The Wilson coefficient C In the calculation of C ef f 7 , we find that C ef f 7
can be quite different from its SM value. There is a one-loop diagram with internal stop and chargino which gives a large contribution when tanβ is large. This stop-Higgsino diagram is proportional to the product of the top and bottom Yukawa coupling constant, m t m b /(sinβcosβ), which grows with tanβ. There are no such terms in the calculation of C ef f 9 and C 10 . The corresponding stop-Higgsino diagram is proportional to the square of the top Yukawa coupling constants, m 2 t /sin 2 β, which does not grow for large tanβ. As pointed out by Ref. [5] , SUSY contributions to C ef f 9 (m b ) and C 10 (m b ) are very small and alter these coefficients by ≤ 5% over the whole parameter space on C and C 10 can be ignored. We must consider the SUSY contribution to C ef f 7 . We write, C ef f
where C SM 7 (M w ) is given in Ref. [24] , and C
SU SY 7
(M w ) is taken from Ref. [6, 25] with mass insertion approximation. For complete calculation, see Ref. [5] . At the m b scale:
, h i and a i can be found in Ref. [24] . The expressions of C ef f 9 , and C 10 can be found in Refs [13, 24] . Within SM, they are:
4 whereŝ = q 2 /m 2 b , and q denotes the invariant momentum of the lepton pair. The expression for function Y(ŝ) , coming from the one loop contributions of operators O 1 -O 6 , can be found in Ref [13] . The Wilson coefficients C Q 1 and C Q 2 , can be found in Ref. [9] . In terms of the Wilson coefficients, the differential decay rate is [20, 26] :
(1 + µ s −ŝ)
In Eq.9, µ l = m 
Results
The minimal supergravity model [23] has been a popular model for SUSY phenomenology. To evaluate the mass spectrum of the MSSM resulting from mSUGRA, we use the ISAS-UGRA program from the ISAJET package [28] . With these sparticle masses and mixing angles, we can get the Wilson coefficients C Q 1 and C Q 2 . The branching ratio of b → sl + l − then can be computed using Eq. 9 and 10.
We calculated the branching ratios of b → se + e − and b → sµ + µ − . We find that if tanβ is small, SM contributions dominate and SUSY contributions are very small. As tanβ grows, SUSY contributions become large. O 7 gives a sizable SUSY contributions with a little dependent on the lepton mass. The O 7 and O 9 interfere term also gives a comparable contributions. They together alter the branching fraction around 15% to 20%. Q 1 and Q 2 terms are induced by Higgs-mediated contributions. Their contributions to b → sl + l − branching fraction increase with tan 6 β and in some parameter space, they are even bigger than SM contributions. The corresponding Wilson coefficient C Q1 and C Q2 are proportional to the lepton mass and the branching ratio is proportional to lepton mass square. Therefore, Higgs-mediated SUSY contributions in decay b → sµ + µ − are about 100 bigger than that in b → se + e − decay and alter the ratio R ≡ B(b → sµ • For µ < 0 cases, in low tanβ regions, SM contributions dominate, so that all curves give the SM value of ratio R ∼ 0.94. This is also true for m 0 larger than 400 GeV.
• Also in µ < 0 case, as tanβ is larger than 44, there is a sharp rise for both A 0 = 0 and A 0 = −300. This results from the fact that Higgs-mediated SUSY contributions are expected to behave as tan 6 β/m • R deviates significantly from the SM value when tanβ larger than 45 in µ < 0 case.
Unfortunately, in the mSUGRA scenario, these ranges are excluded by the experiment bound on the Higgs mass, m h > 113 GeV [29] .
• For µ > 0 case, R changes very slowly over the whole parameter space. Higgs-mediated SUSY contributions are very small [9] . R are almost constant in all space.
These graphs illustrate that typically large contributions to R occur in the µ < 0 scenario with tanβ ≥ 40. For µ > 0, R is almost constant over the whole parameter space. We explore this ratio R in µ < 0 cases in more detail. We plot a contours of R values in A 0 -m 1/2 plane in Fig. 3 for µ < 0 case. We choose m 0 = 300 GeV and in frame a), tanβ = 45, while in frame b), tanβ = 42. The dark-shaded regions are excluded on theoretical grounds because the overall theory does not lead to electroweak symmetry breaking. The slant-hatched region are excluded because ofZ 1 is not the lightest supersymmetric particle (LSP). If the neutralino is the LSP, it will be stable and therefore a dark matter candidate. Within the slant-hatched region, charged sparticle is the LSP which disagrees with cosmologies models. Below the dashed line labeled "m h = 113 GeV" are the regions m h is smaller than its experimental bound 113 GeV. The
are labeled by the values of corresponding ratio R. From frame a) we see that in the allowed region, R can be larger than 2. Even in frame b), R can be as large as 2. The outermost curves is for R equals to 1.1. Turning our attention to the sensitivity with respect to tanβ, we show in frame b), the same contours, but with tanβ = 42. Although the range for tanβ = 42 is smaller than that for tanβ = 45, it has still regions where B factories may be expected to detect it. The ratio can be significantly larger below the R = 2 contour.
Recently, Belle experiment has observed a signal for exclusive B decays with branching fraction B (B → Kl −0.32−0.14 ) × 10 −6 in muon channel [30] . This is consistent with our SM value for the inclusive rate ∼ 6.4 × 10 −6 . To date, there are no inclusive B decay data in B factory. We estimate that approximately ∼ 10 7 B mesons are required to reach the R = 1.2 limit.
Due to the m 2 l dependence of these branching fractions, one would clearly expect contributions to b → sτ + τ − [26, 31] two orders of magnitude greater than b → sµ + µ − . Turning to Fig. 4 , we see that this is indeed the case. In Fig. 4 , we show the contours of B(b → sτ + τ − ) in m 0 − m 1/2 plane with A 0 = 0 GeV. In frame a) µ < 0 and tanβ = 45, while in frame b) µ > 0 and tanβ = 53. As in Fig. 3 , the dark-shaded regions are excluded by theoretical constraints: charge-breaking minimal or lack of electroweak symmetry breaking.Z 1 is not the lightest supersymmetric particle (LSP) in the slant-hatched region. The contours are labeled by the corresponding values of b → sτ + τ − branching fraction. The outermost contour corresponds to a branching fraction of 10 −6 . The SM branching fraction is around: In Fig. 4 , at the most parameter space, SUSY contributions is much larger than the SM background, reaching a limit of ∼ 10 −4 within the allowed region. Unfortunately τ identification is very difficult. The branching fraction about 10 −3 for τ process may be accessed at B factory. Clearly then, at least one order of magnitude improvement in the acceptance for b → sτ + τ − is required to have a significant impact on this parameter space. It is interesting to note that any new physics which contribute significantly to b → sτ + τ − will also give a signal in B s → τ τ as discussed in Ref.
[9].
Summary and Conclusions
We have explored the rare semileptonic decay b → se 
